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SUBSTRATE PROCESSING METHOD AND FIG . 5A is a schematic diagram of the substrate process 
SUBSTRATE PROCESSING APPARATUS ing method according to the first embodiment , and FIG . 5B 

is a schematic diagram of the substrate processing method 
CROSS REFERENCE TO RELATED following FIG . 5A ; 

APPLICATIONS 5 FIG . 6 is a diagram of a substrate processing apparatus 
according to a first modification of the first embodiment ; 

This application is based upon and claims the benefit of FIG . 7 is a diagram of a substrate processing apparatus 
priority from the prior Japanese Patent Application No . according to a second modification of the first embodiment ; 
2015 - 167037 , filed on Aug . 26 , 2015 , the entire contents of FIG . 8 is a graph showing an experimental example in a 
which are incorporated herein by reference . 10 second embodiment ; 

FIG . 9 is a diagram of a substrate processing apparatus 
FIELD according to a third embodiment ; and 

FIG . 10 is a diagram showing a vapor supply operation by 
Embodiments relate to a substrate processing method and the substrate processing apparatus according to the third 

15 embodiment . a substrate processing apparatus . 
BACKGROUND DETAILED DESCRIPTION 

A substrate processing method according to an embodi In a manufacturing process of an electronic component , 3 19 20 ment is a substrate processing method for drying a substrate . processing residues or surface contaminants adhering to a The substrate processing method includes supplying a solu 
substrate are removed by a wet cleaning process . In the wet tion in which a sublimation material is dissolved in a first cleaning process , a water - based cleaning solution is supplied solvent to a surface of a cleaned substrate . The substrate 
to a surface of a substrate , rinsing with pure water is processing method includes eliminating at least a portion of 
performed , and thereafter the surface of the substrate is 25 association states of the sublimation material . The substrate 
dried . A pattern formed on the substrate has become finer in processing method includes precipitating the sublimation 
recent years , and there are problems such that the pattern is material on the surface of the substrate . The substrate 
collapsed by a surface tension of a liquid when the substrate processing method includes removing the precipitated sub 
is dried after the wet cleaning process . limation material by sublimation . 

A known drying method for preventing collapse of a 30 Embodiments will now be explained with reference to the 
pattern is a drying method that uses sublimation of a accompanying drawings . The present invention is not lim 
sublimation material to dry a surface of a substrate ( here - ited to the embodiments . 
inafter , also “ sublimation drying " ) . In the sublimation dry 
ing , a solution containing a sublimation material is spin DETAILED DESCRIPTION 
coated onto a surface of a substrate , and a solvent is removed 3 
from the spin - coated solution to precipitate the sublimation First Embodiment 
material . The precipitated sublimation material is changed First , an embodiment is described as a first embodiment , from a solid phase to a gas phase ( sublimation ) , so that the in which a rotation acceleration of a semiconductor substrate 
sublimation material is removed from the surface of the 20 is changed . so that an association state of a sublimation 
substrate . material in a sublimation material containing liquid is elimi The sublimation drying uses a solution in which a low nated . The association state of the sublimation material 
molecular organic material is dissolved in a highly volatile herein refers to a state where molecules or ions of the 
solvent , as a sublimation material containing liquid . How sublimation material form aggregates , that is , micelles by 
ever , the sublimation material containing liquid has a low 45 intermolecular forces or the like . 
viscosity that is 50 CP or less , and its solute is a low The sublimation material containing liquid is a solution in 
molecular material unlike a resist material and a SOG ( Spin which a sublimation material as an organic material that is 
on Glass ) material . Therefore , there is a problem of film solid at a normal temperature and pressure and has a vapor 
formability . Due to this , unevenness in micron order in film pressure of 100 Pa or less at a normal temperature is 
formation is generated in the conventional sublimation dry - 50 dissolved in a first solvent that is volatile . The sublimation 
ing , and this unevenness in film formation may cause material containing liquid is not particularly limited , so long 
collapse or deformation of the pattern on the surface of the as it can form a film of a sublimation material . For example , 
substrate . as the sublimation material , a lower molecular compound is 

more preferable than a higher molecular compound , and an 
BRIEF DESCRIPTION OF THE DRAWINGS 55 aromatic compound and a cyclic compound are preferable . 

It is more preferable that the sublimation material is an 
FIG . 1 is a diagram of a substrate processing apparatus aromatic compound having a polar functional group or a 

according to a first embodiment ; cyclic compound having a polar functional group . For 
FIG . 2 is a flowchart of a substrate processing method example , benzoic acid derivative , phthalic acid derivative , 

according to the first embodiment ; 60 phenol derivative , benzophenone derivative , cyclohexan 
FIG . 3A is a cross - sectional view of the substrate pro - ecarboxylic - acid derivative , benzamide derivative , and ani 

cessing method according to the first embodiment , FIG . 3B line derivative are considered . Further , the sublimation 
is a cross - sectional view of the substrate processing method material may be a compound having a methyl ester group . 
following FIG . 3A , and FIG . 3C is a cross - sectional view of The first solvent is not particularly limited , so long as a 
the substrate processing method following FIG . 3B ; 65 rinsing liquid described later can be replaced with the first 

FIG . 4 is a schematic diagram of the substrate processing solvent . In a case of using pure water as the rinsing liquid , 
method according to the first embodiment ; for example , the first solvent can be methanol , ethanol , IPA 
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( that is , 2 - propanol ) , cyclohexanone , acetone , or tetrahydro first nozzle 301 . The second nozzle 302 discharges the 
furan , for example . Other than those , the first solvent can be rinsing liquid supplied from the tank 309 to the surface of 
PGMEA ( propylene glycol - 1 - monomethyl ether acetate ) or the semiconductor substrate 6 cleaned with the chemical 
NMP ( N - methylpyrrolidone ) , for example . liquid . Although the second nozzle 302 rinses the semicon 

FIG . 1 is a diagram of a substrate processing apparatus 1 5 ductor substrate 6 in a single sheet manner , the first embodi 
according to the first embodiment . The substrate processing ment can be applied for drying the semiconductor substrate 
apparatus 1 includes a rotating mechanism 200 that is an 6 rinsed in a batch manner . In a case of batch rinsing the 
example of a rotator , a plurality of nozzles 301 to 304 , a first semiconductor substrate 6 , a rinsing liquid tank can be 
controller 4 that is an example of an association eliminator , provided in place of the second nozzle 302 . 
and a moving device 500 . The rotating mechanism 200 and 10 The third nozzle 303 is connected to a tank 313 storing 
the first controller 4 also function as a precipitator . IPA ( Iso - Propyl Alcohol ) therein via a supply pipe 314 . The 

The rotating mechanism 200 has a horizontal stage 201 supply pipe 314 is provided with a valve 315 that adjusts a 
having a circular plate shape . The stage 201 is fixed to a top flow rate of IPA . The third nozzle 303 is movable between 
end of a vertically extending rotation shaft 202 to be coaxial the supply position and the standby position similarly to the 
with the rotation shaft 202 . The stage 201 can be rotated 15 first nozzle 301 . The third nozzle 303 discharges IPA to the 
around the rotation shaft 202 . A driving source 203 , such as surface of the semiconductor substrate 6 processed with the 
a motor , is connected to the rotation shaft 202 . The driving rinsing liquid . The rinsing liquid can be efficiently replaced 
source 203 drives and rotates the rotation shaft 202 . The first with IPA . However , the third nozzle 303 is not necessarily 
controller 4 described above is connected to the driving provided , because the rinsing liquid can be replaced with a 
source 203 . The first controller 4 is constituted by a driver 20 sublimation material containing liquid discharged from the 
circuit , a CPU , and the like , for example . The first controller fourth nozzle 304 , as described later . 
4 controls driving and rotation of the rotation shaft 202 by The fourth nozzle 304 is an example of a first supplier . 
the driving source 203 . The first controller 4 changes a The fourth nozzle 304 is connected to a tank 316 storing a 
rotation acceleration of the stage 201 , that is , a centrifugal sublimation material containing liquid therein via a supply 
acceleration , as described later . By changing the rotation 25 pipe 317 . The supply pipe 317 is provided with a valve 318 
acceleration , the first controller 4 can apply a shear force to that adjusts a flow rate of the sublimation material contain 
a sublimation material containing liquid supplied to a sur - ing liquid . The fourth nozzle 304 is movable between the 
face of a semiconductor substrate 6 . In this manner , the first supply position and the standby position similarly to the first 
controller 4 eliminates an association state of the sublima - nozzle 301 . 
tion material in a sublimation material containing liquid . 30 The fourth nozzle 304 discharges the sublimation material 

A plurality of chuck pins 204 are arranged on an outer containing liquid supplied from the tank 316 to the surface 
circumferential edge of a surface 201? of the stage 201 with of the semiconductor substrate 6 processed ( that is , cleaned ) 
circumferential intervals therebetween . The chuck pins 204 with the rinsing liquid . 
fix the semiconductor substrate 6 onto the stage 201 hori The sublimation material containing liquid discharged 
znalbygrapinguter circumferential surface of the 35trm the furthzz3041applied to the surface the 
semiconductor substrate 6 . With this configuration , the rotat - semiconductor substrate 6 to spread radially outwards from 
ing mechanism 200 can rotate the semiconductor substrate 6 a center portion of the surface by rotation of the semicon 
while the semiconductor substrate 6 is fixed above the stage ductor substrate 6 accompanying the rotation of the stage 
201 . 201 . The rinsing liquid present on the surface of the semi 

A cup 205 having a substantially cylindrical shape being 40 conductor substrate 6 can be replaced with the sublimation 
coaxial with the stage 201 is provided around the stage 201 . material containing liquid applied onto the surface of the 
A top end portion of the cup 205 is located at a higher level semiconductor substrate 6 . In the process of applying the 
than the chuck pins 204 . The cup 205 prevents a liquid on sublimation material containing liquid while rotating the 
the surface of the semiconductor substrate 6 from being stage 201 , the first controller 4 changes a rotation accelera 
scattered to the surroundings by rotation of the rotating 45 tion of the stage 201 to apply a shear force to the sublimation 
mechanism 200 during cleaning , rinsing , and drying material containing liquid . The shear force can be rephrased 
described later , for example . as an inertia force towards a direction of resistance to a 

The first nozzle 301 is connected to a tank 305 storing a direction in which the rotation acceleration of the rotating 
chemical liquid therein via a supply pipe 306 . The supply mechanism 200 changes . Applying the shear force can 
pipe 306 is provided with a valve 307 that adjusts a flow rate 50 eliminate the association state of the sublimation material in 
of the chemical liquid . The first nozzle 301 discharges a the sublimation material containing liquid . The association 
cleaning chemical liquid to the surface of the semiconductor state may be eliminated in all molecules or ions of the 
substrate 6 . The first nozzle 301 is movable between a sublimation material in the sublimation material containing 
standby position away from the semiconductor substrate 6 liquid , or in at least a portion of the molecules or the ions . 
and a supply position above the surface of the semiconduc - 55 The first solvent volatilizes from the sublimation material 
tor substrate 6 . Although the first nozzle 301 cleans the containing liquid in which the association state has been 
semiconductor substrate 6 in a single sheet manner , the first eliminated , to precipitate the sublimation material . In this 
embodiment can be also applied for drying the semiconduc manner , a film of the sublimation material is obtained . The 
tor substrate 6 cleaned in a batch manner . In a case of batch film of the sublimation material is formed in a state where 
cleaning the semiconductor substrate 6 , a chemical liquid 60 the association state has been eliminated , and therefore there 
tank can be provided in place of the first nozzle 301 . is less unevenness of film formation . A surface pattern of the 

The second nozzle 302 is connected to a tank 309 storing semiconductor substrate 6 , in which the film of the subli 
a rinsing liquid therein via a supply pipe 310 . The rinsing mation material with less unevenness of film formation is 
liquid is pure water , for example . The supply pipe 310 is embedded , is less likely to be collapsed or deformed . 
provided with a valve 311 that adjusts a flow rate of the 65 The moving device 500 moves the nozzles 301 to 304 
rinsing liquid . The second nozzle 302 is movable between between the supply position and the standby position 
the supply position and the standby position similarly to the described above . The moving device 500 may move the 
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nozzles 301 to 304 as one unit or may move them individu - Subsequently , the substrate processing apparatus 1 per 
ally . The moving device 500 includes an arm portion 501 forms a process of applying a sublimation material contain 
connected at one end to the nozzles 301 to 304 , a rotation ing liquid on the semiconductor substrate 6 after being 
shaft 503 connected to another end of the arm portion 501 , subjected to the IPA substitution ( Step S4 ) . FIG . 4 is a 
a driving source 504 that drives and rotates the rotation shaft 5 schematic diagram of the substrate processing method 
503 , and a controller 505 that controls the driving source according to the first embodiment . As shown in FIG . 4 , in the 
504 . application process , the moving device 500 moves the fourth 

As described above , the substrate processing apparatus 1 nozzle 304 to the supply position , and the fourth nozzle 304 
according to the first embodiment can eliminate an associa discharges a sublimation material containing liquid ( denoted 
tion state of a sublimation material by changing a rotation 10 by reference character L in FIG . 4 ) to the surface of the 
acceleration of the stage 201 to apply a shear force to a semiconductor substrate 6 . At this time , the driving source 
sublimation material containing liquid , when the sublima - 203 rotates the stage 201 around the rotation shaft 202 in a 
tion material is precipitated . Because the association state direction denoted by reference character R in FIG . 4 . The 
can be eliminated , unevenness of film formation can be sublimation material containing liquid L is applied radially 
suppressed so that collapse or deformation of a pattern can 15 outwards on the surface of the substrate from the center 
be suppressed . portion of the surface , in association with the rotation of the 

Next , a substrate processing method to which the sub - stage 201 . Due to this application , the rinsing liquid remain 
strate processing apparatus 1 of FIG . 1 is applied is ing on the surface of the substrate can be efficiently replaced 
described . FIG . 2 is a flowchart of the substrate processing with the sublimation material containing liquid L . After the 
method according to the first embodiment . 20 application process is finished , the moving device 500 

First , the substrate processing apparatus 1 performs a moves the nozzles 301 to 304 to the standby position . 
cleaning process on the semiconductor substrate 6 placed on Subsequently , as shown in FIG . 2 , the substrate process 
the stage 201 ( Step S1 ) . In the cleaning process , the moving ing apparatus 1 performs a process of precipitating a subli 
device 500 moves the first nozzle 301 to the supply position , mation material accompanied by elimination of an associa 
and the first nozzle 301 discharges a chemical liquid to the 25 tion state of the sublimation material , on the semiconductor 
surface of the semiconductor substrate 6 . At this time , the substrate 6 after the sublimation material containing liquid L 
driving source 203 rotates the stage 201 . The semiconductor has been applied ( Step S5 ) . In the precipitation process , the 
substrate 6 is cleaned while being rotated in association with driving source 203 rotates the stage 201 at a higher speed 
the rotation of the stage 201 . FIG . 3A is a cross - sectional than in the application process ( Step S4 ) . Also , the driving 
view of the substrate processing method according to the 30 source 203 is controlled by the first controller 4 to change 
first embodiment . FIG . 3A shows the semiconductor sub - the rotation acceleration of the stage 201 . The manner of 
strate 6 after the cleaning process . As shown in FIG . 3A , a changing the rotation acceleration is not particularly limited , 
plurality of minute convex patterns 61 are formed with so long as a shear force is applied to the sublimation material 
narrow pitches on the surface of the semiconductor substrate containing liquid . For example , the driving source 203 

35 applies ( increases the rotation acceleration to apply the 
The convex pattern 61 may be a pattern of a memory shear force . Changing the rotation acceleration may be 

portion of a NAND flash memory or a pattern of a wiring performed only for a certain period of time from start of the 
portion , for example . The structure and the material of the precipitation process . Further , increasing and decreasing the 
pattern 61 are not particularly limited , so long as the pattern rotation acceleration may be repeated over a predetermined 
61 is a minute concave - convex pattern . As a result of the 40 period of time to achieve the change of the rotation accel 
cleaning process , a chemical liquid 62 adheres to the surface eration . 
of the semiconductor substrate 6 . In sublimation drying , this Furthermore , the rotation acceleration may be changed at 
chemical liquid 62 is removed , so that the surface of the the most effective timing based on a volatilization state of a 
semiconductor substrate 6 is dried . solvent of the sublimation material containing liquid L . 

Subsequently , as shown in FIG . 2 , the substrate process - 45 When a large centrifugal force acts on the sublimation 
ing apparatus 1 performs a rinsing process of replacing the material containing liquid by high - speed rotation of the 
chemical liquid on the surface of the semiconductor sub - stage 201 , the sublimation material containing liquid flows 
strate 6 with a rinsing liquid , on the semiconductor substrate on the surface of the semiconductor substrate 6 radially 
6 after being cleaned ( Step S2 ) . In the rinsing process , the outwards . Therefore , the sublimation material containing 
moving device 500 moves the second nozzle 302 to the 50 liquid is spun off , and precipitation of the sublimation 
supply position , and the second nozzle 302 discharges a material , that is , formation of a film of the sublimation 
rinsing liquid to the surface of the semiconductor substrate material is promoted . Also , the surface of the sublimation 
6 . At this time , the driving source 203 rotates the stage 201 . material containing liquid is leveled , so that a level differ 
The semiconductor substrate 6 is rinsed while being rotated ence ( undulation ) in the surface of the semiconductor sub 
in association with the rotation of the stage 201 . 55 strate 6 is reduced . 

Subsequently , the substrate processing apparatus 1 per - FIG . 5A is a schematic diagram of the substrate process 
forms an IPA substitution process on the semiconductor ing method according to the first embodiment . FIG . 5B is a 
substrate 6 after being rinsed ( Step S3 ) . In the IPA substi - schematic diagram of the substrate processing method , fol 
tution process , the moving device 500 moves the third lowing FIG . 5A . FIGS . 5A and 5B show an association state 
nozzle 303 to the supply position , and the third nozzle 303 60 in the sublimation material containing liquid and a state of 
discharges IPA to the surface of the substrate . At this time , a surface of the sublimation material containing liquid . In 
the driving source 203 rotates the stage 201 . The rinsing FIGS . 5A and 5B , a sublimation material m is represented by 
liquid is replaced with IPA while the semiconductor sub a polar functional group gl and a hydrophobic group g2 . 
strate 6 is rotated in association with the rotation of the stage When a shear force is applied to the sublimation material 
201 . Note that the IPA substitution process can be omitted if 65 containing liquid by the change of the rotation acceleration 
the rinsing liquid can be sufficiently replaced with a subli - of the stage 201 , the association state of the sublimation 
mation material containing liquid . material shown in FIG . 5A is eliminated as shown in FIG . 

6 . 
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5B , as in a case of a surfactant . Because of the elimination ( First Modification ) 
of the association state , precipitation can be achieved with Next , an example is described as a first modification of the 
less unevenness in the sublimation material containing liq - first embodiment , in which a state where an association state 
uid . Although the hydrophobic group g2 faces towards the of a sublimation material in a sublimation material contain 
sublimation material containing liquid L in FIG . 5A , the 5 ing liquid applied onto a surface of the substrate 6 has been 
polar functional group gl may face towards the sublimation eliminated is maintained until precipitation of the sublima 
material containing liquid L . tion material . In the first modification , constituent parts 

In a case where the sublimation material is precipitated corresponding to those of the substrate processing apparatus 

without eliminating the association state and thereafter the 1 shown in FIG . 1 are denoted by like reference numerals 
surface of the sublimation material is leveled by being 10 and redundant explanations thereof will be omitted . 

FIG . 6 is a diagram of the substrate processing apparatus dissolved in IPA or the like , the association state can be 1 according to the first modification of the first embodiment . eliminated in the surface of the sublimation material , but As shown in FIG . 6 , the substrate processing apparatus 1 
unevenness of film formation of the sublimation material according to the first modification further includes a fifth 
below the surface cannot be eliminated . 15 nozzle 320 as an example of a fourth supplier , in addition to 

On the other hand , according to the first embodiment , it is the configuration of the substrate proc 
possible to eliminate the association state before precipita - FIG . 1 . 
tion of the sublimation material . Therefore , the film of the The fifth nozzle 320 is connected to a vapor supply source 
sublimation material can be formed with less unevenness of 321 via a vapor supply pipe 322 . The vapor supply source 
film formation . 20 321 has a solvent tank 323 storing therein a third solvent that 

FIG . 3B is a cross - sectional view of the substrate pro - can dissolve a sublimation material and a solvent heater 324 
cessing method , following FIG . 3A . FIG . 3B shows the for heating the third solvent . The third solvent heated by the 
semiconductor substrate 6 after the precipitation process . It solvent heater 324 is evaporated to a vapor . The vapor 
is possible to embed a film 63 of the sublimation material supply pipe 322 is provided with a vapor supply valve 325 
between the convex patterns 61 with substantially no 25 that adjusts a flow rate of the vapor of the third solvent . The 
unevenness , as shown in FIG . 3B , by performing the pre - fifth nozzle 320 may be movable by a moving device ( not 
cipitation process that accompanies elimination of the asso shown ) between a position opposed to the center portion of 
ciation state of the sublimation material . the surface of the semiconductor substrate 6 and a position 

Subsequently , a baking process using a baking furnace upward away from the surface of the semiconductor sub 
( not shown ) is performed on the semiconductor substrate 6 30 strate 6 . 
on which the film of the sublimation material has been for maintaining the state where the association state of 
formed , as shown in FIG . 2 ( Step S6 ) . Thereafter , a process the sublimation material has been eliminated , the fifth 
of causing sublimation of the film of the sublimation mate - nozzle 320 discharges the vapor of the third solvent supplied 
rial is performed on the semiconductor substrate 6 after from the vapor supply source 321 to the surface of the 
being baked , by using a sublimation device ( not shown ) 35 semiconductor substrate 6 to which the sublimation material 
( Step S7 ) . In the sublimation process , a temperature and a containing liquid has been supplied . The third solvent is IPA 
pressure of the film of the sublimation material are adjusted , described as an example of the first solvent , for example . 
so that a phase transition is caused to change the film of the IPA is suitable for drying the semiconductor substrate 6 
sublimation material directly to gas and to remove the because it can sufficiently dissolve the sublimation material 
sublimation material from the surface of the substrate . The 40 and is excellent in replaceability with a rinsing liquid ( pure 
film of the sublimation material may be removed by being water ) . 
vaporized with plasma . In this manner , drying of the semi - The third solvent may be a solvent other than the first 
conductor substrate 6 is completed . FIG . 3C is a cross - solvent , so long as it can dissolve the sublimation material . 
sectional view of the substrate processing method , following For example , the third solvent may be methanol , ethanol , 
FIG . 3B . FIG . 3C shows the semiconductor substrate 6 after 45 IPA ( that is , 2 - propanol ) , cyclohexanone , acetone , tetrahy 
the sublimation process . The film 63 of the sublimation drofuran , PGMEA ( propylene glycol - 1 - monomethyl ether 
material between the convex patterns 61 is removed by the acetate ) , or NMP ( N - methylpyrrolidone ) . 
sublimation process as shown in FIG . 3C , and the surface of In the configuration of FIG . 1 , the association state of the 
the semiconductor substrate 6 is dried substantially without sublimation material can be eliminated by the change of the 
collapse or deformation of the convex patterns 61 . 50 rotation acceleration of the stage 201 . In the first modifica 
As described above , the substrate processing method tion , the vapor of the third solvent is brought into contact 

according to the first embodiment can eliminate an associa - with the sublimation material containing liquid in which the 
tion state of a sublimation material by changing a rotation association state has been eliminated , in the precipitation 
acceleration of the semiconductor substrate 6 to apply a process ( Step S5 in FIG . 2 ) . 
shear force to a sublimation material containing liquid , when 55 By bringing the vapor of the third solvent into contact , it 
the sublimation material is precipitated . Because the asso - is possible to precipitate the sublimation material while the 
ciation state can be eliminated , unevenness of film formation state where the association state has been eliminated is 
can be suppressed and collapse or deformation of the pattern maintained . Therefore , it is possible to suppress unevenness 
can be suppressed . of film formation further effectively according to the first 

The substrate processing method according to the first 60 modification . 
embodiment can be applied to manufacturing of a device ( Second Modification ) 
having a convex pattern , for example , a two - dimensional or Next , an example is described as a second modification of 
three - dimensional NAND flash memory and MEMS ( Micro the first embodiment , in which a flow speed of an inert gas 
Electro Mechanical Systems ) . It is possible to improve the is controlled . In the second modification , constituent parts 
yield of the device having a convex pattern by applying the 65 corresponding to those of the substrate processing apparatus 
substrate processing method according to the first embodi - 1 shown in FIG . 1 are denoted by like reference numerals 
ment . and redundant explanations thereof will be omitted . 
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FIG . 7 is a diagram of the substrate processing apparatus the flow speed of the inert gas is 0 . 5 m / s , the vapor 
1 according to the second modification of the first embodi - concentration of the first solvent on the surface of the 
ment . As shown in FIG . 7 , the substrate processing apparatus semiconductor substrate 6 is 760 ppm , and the dimension of 
according to the second modification further includes a sixth the Bénard cells can be suppressed to 2 um or less . In a case 
nozzle 330 as an example of a fifth supplier , in addition to 5 where the association state of the sublimation material is 
the configuration of the substrate processing apparatus 1 in eliminated by controlling the vapor concentration of the first 
FIG . 1 . The sixth nozzle 330 is connected to a gas source 331 solvent to be less than the predetermined concentration , a of an inert gas via a supply pipe 332 . The inert gas is a gas configuration of eliminating the association state with a 
that does not react with a sublimation material containing shear force can be deleted from the configuration of FIG . 7 , liquid , and may be N2 gas , for example . The supply pipe 332 10 or may be used in combination . is provided with a mass flow controller 333 that adjusts a Therefore , it is possible to further effectively suppress flow rate of the inert gas . A concentration meter 334 pro 
vided in the cup 205 is connected to the mass flow controller unevenness of film formation by controlling a flow speed of 
333 . The concentration meter 334 detects a vapor concen an inert gas according to the second modification . 
tration of the first solvent on the semiconductor substrate 6 15 
and outputs detected data of the vapor concentration to the Second Embodiment 
mass flow controller 333 . Note that the vapor of the first 
solvent on the surface of the semiconductor substrate 6 is Next , an embodiment in which a second solvent different 
generated by volatilization of the first solvent in the subli - from the first solvent is added to a sublimation material 
mation material containing liquid . 20 containing liquid is described as a second embodiment . In 

For controlling the vapor concentration of the first solvent explaining the second embodiment , constituent parts corre 
on the semiconductor substrate 6 , the mass flow controller sponding to those of the substrate processing apparatus 1 
333 controls a flow rate of an inert gas , that is , a flow speed shown in FIG . 1 are denoted by like reference numerals and 
by the sixth nozzle 330 based on the vapor concentration of redundant explanations thereof will be omitted . 
the first solvent . Specifically , the mass flow controller 333 25 In the second embodiment , a second solvent different 
controls the flow speed of the inert gas at a position 10 mm from the first solvent is added into the sublimation material 
away from the substrate 6 to a flow speed that can suppress containing liquid in the precipitation process ( Step S5 in 
the vapor concentration of the first solvent to be less than a FIG . 2 ) . The second solvent is water , for example . Addition 
predetermined concentration . For example , the mass flow of the second solvent may be performed with the nozzle 302 
controller 333 controls the flow speed of the inert gas to be 30 described in FIG . 1 . 
less than 0 . 8 m / s , to suppress the vapor concentration of the FIG . 8 is a graph showing an experimental example in the 
first solvent on the surface of the semiconductor substrate 6 second embodiment . The horizontal axis in FIG . 8 repre 
to be less than 1200 ppm . The mass flow controller 333 may sents a water concentration ( wt % ) in the sublimation 
suppress the vapor concentration of the first solvent at a material containing liquid . The vertical axis in FIG . 8 
position 20 mm away from the surface of the substrate to be 35 represents a surface tension ( mN / m ) of the sublimation 
less than 1200 ppm . material containing liquid . 

In the second modification , the inert gas is brought into In the experimental example , IPA was used as the first 
contact with the sublimation material containing liquid to solvent of the sublimation material containing liquid . Fur 
evaporate the first solvent in the precipitation process ( Step ther , water was used as the second solvent in the experi 
S5 in FIG . 2 ) for promoting the precipitation of the subli - 40 mental example . The surface tension of the sublimation 
mation material . Meanwhile , in a case of bringing the inert material containing liquid depending on the water concen 
gas into contact with the sublimation material containing tration in the sublimation material containing liquid was 
liquid only for the purpose of promoting the precipitation of measured in the experimental example . As shown in FIG . 8 , 
the sublimation material , the flow speed of the inert gas is set as the water concentration in the sublimation material con 
to be excessively large in some cases . In those cases , the 45 taining liquid increases , the surface tension of the sublima 
vapor concentration of the first solvent on the semiconductor tion material containing liquid also increases . The surface 
substrate 6 , that is , the amount of volatilization of the first tension of IPA is 21 . 5 mN / m , and the increase in the surface 
solvent from the sublimation material containing liquid is tension means that the association state of the sublimation 
excessively large . When the vapor concentration of the first material in IPA is eliminated and the sublimation material is 
solvent is excessively large , the dimension of a Bénard cells 50 collected in the surface of IPA . That is , the state in FIG . 5A 
on which the magnitude of unevenness of film formation is changes to the state in FIG . 5B . According to the experi 
reflected becomes large . For example , when the flow speed mental example , it can be considered that addition of water 
of the inert gas is 1 . 0 m / s , the vapor concentration of the first into the sublimation material containing liquid causes elimi 
solvent on the surface of the semiconductor substrate 6 is nation of an association state of the sublimation material by 
2050 ppm and the dimension of the Bénard cells reaches 10 55 an interaction between the sublimation material and the 
um or more . Further , the inert gas comes into direct contact water , and film formability is improved . Preferably , the 
with the sublimation material containing liquid L applied water is added to the sublimation material containing liquid 
onto the surface of the substrate 6 , resulting in generation of to increase ( change ) the surface tension of the sublimation 
unevenness of film formation in a different mode . material containing liquid by a range of 1 % to 10 % . It is 

On the other hand , in the second modification , the inert 60 shown in FIG . 8 that addition of the water that can achieve 
gas is brought into contact with the sublimation material 5 wt % of the water concentration can increase the surface 
containing liquid at such a flow speed that the vapor con - tension by 5 % . Increasing the surface tension by the range 
centration of the first solvent is less than a predetermined of 1 % to 10 % can effectively improve the film formability 
concentration , in order not only to promote the precipitation while suppressing the added amount of water . 
of the sublimation material but also to control the vapor 65 Therefore , according to the second embodiment , because 
concentration of the first solvent . Therefore , the dimension an association state of a sublimation material can be elimi 
of the Bénard cells can be made small . For example , when nated by addition of a second solvent to a sublimation 
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material containing liquid , unevenness of film formation can accompanying claims and their equivalents are intended to 
be suppressed similarly to the first embodiment . cover such forms or modifications as would fall within the 

scope and spirit of the inventions . 
Third Embodiment 

5 The invention claimed is : 
Next , an embodiment in which a vapor of a second 1 . A substrate processing method for drying a substrate , 

solvent is brought into contact with a sublimation material comprising : 
containing liquid is described as a third embodiment . In supplying a solution in which a sublimation material is 
explaining the third embodiment , constituent parts corre dissolved in a first solvent to a surface of a cleaned 
sponding to those of the substrate processing apparatus 1 10 substrate ; 
shown in FIG . 1 are denoted by like reference numerals and eliminating at least a portion of association states of the 
redundant explanations thereof will be omitted . sublimation material ; 

FIG . 9 is a diagram of the substrate processing apparatus precipitating the sublimation material on the surface of 
1 according to the third embodiment . As shown in FIG . 9 , the substrate ; and 
the substrate processing apparatus 1 according to the third 15 removing the precipitated sublimation material by subli 
embodiment further includes a seventh nozzle 350 as an mation , wherein 
example of a third supplier , in addition to the configuration the supplying the solution is performed while the sub 
of the substrate processing apparatus 1 in FIG . 1 . strate is rotated , and 

The seventh nozzle 350 is connected to a vapor supply the eliminating the association states comprises repeat 
source 351 via a vapor supply pipe 352 . The vapor supply edly increasing and decreasing a rotation acceleration 
source 351 has a solvent tank 353 storing therein the second 20 of the substrate to apply a shear force to the solution . 
solvent and a solvent heater 354 for heating the second 2 . The method of claim 1 , wherein the eliminating the 
solvent . The second solvent heated by the solvent heater 354 association states comprises adding a second solvent differ 
is evaporated to a vapor . The vapor supply pipe 352 is ent from the first solvent to the solution . 
provided with a vapor supply valve 355 that adjusts a flow 3 . The method of claim 1 , wherein the eliminating the 
rate of the vapor of the second solvent . The seventh nozzle 25 association states comprises adding a second solvent differ 
350 discharges the vapor of the second solvent supplied ent from the first solvent to the solution . 
from the vapor supply source 351 to the surface of the 4 . The method of claim 1 , wherein the eliminating the 
semiconductor substrate 6 to which the sublimation material association states comprises bringing a vapor of a second 
containing liquid has been supplied solvent different from the first solvent into contact with the 
An end of the vapor supply pipe 352 is connected to an 30 solution . 

opposed plate 7 that is opposed to the surface of the 5 . The method of claim 1 , wherein the eliminating the 
semiconductor substrate 6 . The seventh nozzle 350 commu - association states comprises bringing a vapor of a second 
nicates with the end of the vapor supply pipe 352 at a center solvent different from the first solvent into contact with the 
of the opposed plate 7 . The opposed plate 7 has a top plate solution . 
71 having a circular flat shape coaxial with the stage 201 and 35 6 . The method of claim 2 , wherein the eliminating the 
an outer circumferential wall 72 having a cylindrical shape association states comprises bringing a vapor of a second 
extending downward from an outer circumferential edge of solvent different from the first solvent into contact with the 
the top plate 71 . The seventh nozzle 350 is movable between solution . 
a position opposed to the center portion of the surface of the 7 . The method of claim 1 , wherein a state where the 
semiconductor substrate 6 and a position upward away from association states have been eliminated is maintained by 
the surface of the semiconductor substrate 6 . The seventh 40 bringing a vapor of a third solvent capable of dissolving the 
nozzle 350 is moved integrally with the opposed plate 7 by sublimation material into contact with the solution . 
a moving device 510 . 8 . The method of claim 1 , wherein a state where the 

FIG . 10 is a diagram showing a vapor supply operation by association states have been eliminated is maintained by 
the substrate processing apparatus 1 according to the third bringing a vapor of a third solvent capable of dissolving the 
embodiment . As shown in FIG . 10 , the seventh nozzle 350 45 sublimation material into contact with the solution . 
brings a vapor S of the second solvent into contact with the 9 . The method of claim 2 , wherein a state where the 
sublimation material containing liquid at a position opposed association states have been eliminated is maintained by 
to the semiconductor substrate 6 . Further , the opposed plate bringing a vapor of a third solvent capable of dissolving the 
7 covers a space above the semiconductor substrate 6 . sublimation material into contact with the solution . 
Therefore , it is possible to bring the vapor S of the second 50 10 . The method of claim 1 , further comprising 
solvent into contact with the entirety of the sublimation supplying an inert gas onto the surface of the substrate , 
material containing liquid L . This contact of the second wherein 
solvent with the sublimation material containing liquid L is the supplying the inert gas is performed at a flow speed 
performed in the precipitation process ( Step S5 in FIG . 2 ) . that suppresses a vapor concentration of the first sol 

According to the third embodiment , it is possible to 55 vent on the surface of the substrate to be less than a 
eliminate an association state in a sublimation material predetermined concentration . 
containing liquid by bringing the vapor S of a second solvent 11 . The method of claim 2 , wherein the eliminating the 
into contact with the sublimation material containing liquid association states comprises adding water to the solution to 
L . Accordingly , unevenness of film formation can be sup - change a surface tension of the solution by a range of 1 % to 
pressed similarly to the first embodiment . 10 % . 
While certain embodiments have been described , these 60 12 . The method of claim 10 , wherein the predetermined 

embodiments have been presented by way of example only , concentration is 1200 ppm , and a flow speed of the inert gas 
and are not intended to limit the scope of the inventions . is less than 0 . 8 nals . 
Indeed , the novel methods and systems described herein 13 . The method of claim 1 , wherein the surface of the 
may be embodied in a variety of other forms ; furthermore , substrate with a convex pattern formed thereon is dried . 
various omissions , substitutions and changes in the form of 65 14 . The method of claim 1 , wherein the eliminating the 
the methods and systems described herein may be made association states is performed after the supplying of the 
without departing from the spirit of the inventions . The solution is finished . 
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15 . A substrate processing apparatus comprising : 17 . The apparatus of claim 15 , wherein the association 
a first supplier supplying a solution in which a sublima - eliminator comprises a third supplier supplying a vapor of a 

tion material is dissolved in a first solvent , to a surface second solvent different from the first solvent onto the 
of a cleaned substrate ; surface of the substrate . 

an association eliminator eliminating at least a portion of 5 18 . The apparatus of claim 15 , further comprising a fourth 
supplier supplying a vapor of a third solvent capable of association states of the sublimation material ; dissolving the sublimation material onto the surface of the a precipitator precipitating the sublimation material on the substrate . 

surface of the substrate ; and 19 . The apparatus of claim 15 , further comprising a fifth 
a rotator rotating the substrate while holding the substrate supplier supplying an inert gas onto the surface of the 

horizontally , wherein 10 substrate , wherein 
the association eliminator comprises a first controller the fifth supplier supplies the inert gas at a flow speed that 

repeatedly increasing and decreasing a rotation accel suppresses a vapor concentration of the first solvent on 
eration of the rotator to apply a shear force to the the surface of the substrate to be less than a predeter 
solution . mined concentration . 

16 . The apparatus of claim 15 . wherein the association 15 20 . The apparatus of claim 15 , wherein the association 
eliminator comprises a second supplier supplying a second eliminator eliminates the association states after the supply 
solvent different from the first solvent onto the surface of the ing of the solution is finished . 
substrate . 


